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In hypertrophic cardiomyopathy, the relation between left
ventricular diastolic impairment and magnitude of left
ventricular hypertrophy has not been clearly defined . In the
present study, Doppler echocardiographic indexes of left
ventricular diastolic filling were compared in 78 patients
with hypertrophlc cardiomyopathy and in 72 normal con •
trol subjects of similar age, and the relation between
abnormalities of diastolic filling and magnitude of left
ventricular hypertrophy was assessed .
In patients with hypertrophic cardiomyopathy, isovolu-
mic relaxation was prolonged (94 ± 25 ms); peak early
diastolic flow velocity (53 ± 18 cm/s), deceleration of flow
velocity in early diastole (341 ± 142 cm/s2 ) and the ratio
between early and late peaks of flow velocity (1 .6 ± 0.9)
were reduced ; and peak late diastolic flow velocity was
increased (38 t 15 cm/s) compared with values in control
subjects (76 ± 12 ms, 65 ± 12 cm/s, 512 ± 131 cmls 2,
2.3 ± 0.8 and 30 ± 7 cm/s, respectively; p < 0 .001).
Individual patient analysis showed that diastolic filling was
abnormal In 52 (67%) of the 78 patients with hypertrophic
cardiomyopathy . However, within the patient group, none
of the Doppler diastolic Indexes showed a significant corre-
Hypertrophic cardiomyopathy is a primary cardiac disease
characterized by increased left ventricular wall thickness
and normal or decreased left ventricular cavity dimension
(1,2) . Diastolic dysfunction with impaired ventricular filling
is common in patients with hypertrophic cardiomyopathy
and is due to both prolonged relaxation and decreased
compliance (3-5) . Although left ventricular hypertrophy is
considered to be an important determinant of these diastolic
abnormalities, the relation between magnitude of hypertro-
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lation with maximal left ventricular wall thickness or the
wall thickness index (correlation coefficients ranged from
-0.15 to 0 .10). Furthermore, mean venues for each of the
Doppler diastolic indexes were similar and not significantly
different in the 24 patients with only mild, localized hyper°
trophy (wall thickness of 15 to 17 mat in only one ventric-
ular segment) compared with the 8 study patients with
particularly marked and diffuse hypertrophy (maximal
wall thickness ?30 mm or wall thickness >25 mm in two or
more segments); individual patient analysis showed that
abnormal filling patterns were similarly common in pa-
tients with mild hypertrophy (17 of 24, or 71 ) and in
those with marked hypertrophy (5 of 8, or 63% ; p > 0.0S) .
These results indicate that diastolic filling abnormalities
in hypertrophic cardiomyopathy are largely independent of
the magnitude of left ventricular hypertrophy and are
common in patients with only mild, localized hypertrophy .
These findings also suggest that the primary myopathic
process responsible for the impaired diastolic filling in this
disease is not confined to the thickened portions of the
ventricular wall .
(J Am Coll Cardiol 1990;15:808-13)
phy and diastolic impairment has not been clearly defined in
this disease .
Numerous studies (6-10) have shown that Doppler echo-
cardiographic indexes derived from the transmitral flow-
velocity waveform can provide a noninvasive assessment of
left ventricular filling pattern . Indexes of diastolic filling
obtained with this technique correlate well with those ob-
tained at cardiac catheterization ((,,10) or with radionuclide
angiography (7,8) and have been used extensively to assess
diastolic performance in patients with a variety of cardiac
diseases (6-10) .
Therefore, in the present study, we used Doppler echo-
cardiographic indexes to investigate the relation between left
ventricular filling abnormalities and magnitude of hypertro-
phy in a large group of patients with hypertrophic cardiomy-
opathy, representative of the broad clinical and morphologic
spectrum of the disease .
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Methods
Selection and characterization of patients. The study
group comprised 78 patients with hypertrophic cardiomyop-
athy. Age ranged from 10 to 58 years (mean 31 ± 15) ; 57
patients (73%) were male . The diagnosis of hypertrophic
cardiomyopathy was based on the echocardiographic dem-
onstration of a hypertrophied and nondilated left ventricle in
the absence of another cardiac or systemic disease that could
produce left ventricular hypertrophy (11) . Although coro-
nary arteriography was performed only in a minority of our
study patients, it is unlikely that many had associated
significant coronary artery disease because 57 of the 78 study
patients were <40 years of age, and none of the remaining 21
patients who were 140 years old had a typical history of
angina pectoris . Presence of severe mitral regurgitation was
excluded by contrast angiography in 38 patients and by
pulsed Doppler echocardiography and clinical examination
in the remaining 40 patients . None of the study patients had
systemic arterial hypertension
The patients included in the study also met the following
criteria : 1) normal sinus rhythm with heart rate <90 beats/
min at the time of the Doppler study, ensuring that the early
and late diastolic peaks of flow velocity were separated and
that flow velocity returned to baseline after the early peak ;
and 2) a technically satisfactory two-dimensional echocar-
diogram, to permit reliable assessmeat of the magnitude and
distribution of left ventricular hypertrophy . Patients with
impaired systolic function and cavity dilation were excluded
from the investigation .
Of the 78 study patients, 36 (46%) were asymptomatic, 20
(26%) had mild symptoms (New York Heart Association
functional class 11) and 22 (28%) had moderate to severe
symptoms (functional class III or IV) . Presence of left
ventricular outflow obstruction under basal conditions was
assessed at cardiac catheterization in 38 patients (49%) and
estimated from the M-mode echocardiogram on the basis of
the magnitude and duration of systolic anterior motion of the
mitral valve in the other 40 patients (51 %) (12,13). Significant
left ventricular outflow tract obstruction (gradient >30 mm
Hg) was considered to be present in 14 (18%) of the patients
and absent in the other 64 (82%) .
Control group . The control group comprised 72 normal
subjects without clinical or echocardiographic evidence of
cardiovascular disease and of age similar to that of the study
patients . The normal subjects ranged in age from 12 to 61
years (mean 31 ± 11); 40 (56%) were male .
Two-dimensional echocardiography . An Advanced Tech-
nology Laboratory Mark 500 mechanical sector scanner was
used to perform the echocardiographic studies . The two-
dimensional echocardiographic images were obtained in the
parasternal long-axis and short-axis views and apical two
and four chamber views using standard transducer positions
(14) . Left ventricular wall thickness was measured directly
'PIRITO AND MARON
DIASTOLE IN HYPERTROPHIt
from the television rnoni! ,)r with the aid of calipers, using the
calibrali^a scale produced by the instrument . Extent and
distribution of left ventricular hypertrophy were assessed
primarily from the parasternal short-axis planes (15-18) ;
however, the parasternal long-axis and apical views were
also used to integrate the observations made in the short-axis
planes. In particular, the long-axis view was used to verify
the measurements of anterior septum and posterior free wall
thickness obtained from the short-axis views
; the apical
views were used primarily to exclude the presence of apical
hypertrophy in those patients in whom, on the basis of the
parasternal views, hypertrophy was considered to be mild
and localized to the basal portions of the ventricle .
In the parasternal short-axis plane, the left ventricle was
divided into four regions that identified the anterior and
posterior ventricular septum and the lateral and posterior left
ventricular free walls (15-18) . Wall thickness was measured
at the levels of both the mitral valve and the papillary
muscles in each of the four segments into which the ventricle
had been divided (15-18). The segment of the wall that
showed the greatest thickness was considered to represent
the maximal left ventricular wall thickness . In addition, an
index of extent of left ventricular hypertrophy was calcu-
lated by adding the maximal wall thicknesses measured (at
either mitral valve or papillary muscle level) in each of the
four ventricular segments (17) . This index was considered
representative of the overall magnitude of left ventricular
hypertrophy . Measurements of maximal left ventricular wall
thickness and the wall thickness index have previously been
shown to have satisfactory reproducibility (17,19) . These
measurements provide an adequate estimate of the extent of
left ventricular hypertrophy and reliably separate, in quan-
titative terms, patients with marked and diffuse hypertrophy
from those with mild and localized hypertrophy (15- 1 8) . Left
ventricular end-diastolic cavity dimension was assessed
from the M-mode echocardiogram, as previously described
(20) .
Doppler echocardiography . An Advanced Technology
Laboratory Mark 500 ultrasound system was used to per-
form the Doppler echocardiographic studies . Doppler signals
were recorded on videotape simultaneous!y with a lead 11
electrocardiogram and phonocardiogram . The Doppler
transmitral flow-velocity profile was obtained from the apical
four chamber view, as previously described in detail (7) .
Care was taken to attain the smallest possible angle between
the presumed direction of the transmittal blood flow and the
orientation of the ultrasound beam (cursor) . The sample
volume was positioned in the inflow area of the ventricle at
the level of the mitral valve tips, and its position along the
line = adjusted until the highest diastolic flow velocity was
recorded and the graphic quality of the Doppler waveform
was optimal .
in each subject, three cardiac cycles with the highest
diastolic flow velocity, the steepest descent of flow velocity
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Table 1
. Doppler Diastolic Indexes in 78 Patients With Hypertrophic Cardiomyopathy and 72
Normal Control Subjects
in early diastole and the best signal to noise ratio were
chosen for analysis (7). The following measurements were
obtained: 1) time from the aortic component of the second
heart sound to the onset of diastolic flow velocity (A2-D), a
measure of duration of isovolumic relaxation (21) ; 2) peak
early diastolic flow velocity, measured as the height of the
early diastolic peak (E) ; 3) rate of decrease (or deceleration)
of flow velocity in early diastole (EF) ; 4) peak late diastolic
flow velocity, measured as the height of the late peak (A),
which is due to atrial contraction ; and 5) the ratio between
the early and late peaks of flow velocity (E/A) . These
Doppler indexes of diastolic filling have previously been
shown to have satisfactory reproducibility (7,22) . In the
individual patient analysis, the diastolic filling pattern was
judged to be abnormal if one or more Doppler indexes
exceeded the 95% confidence limits derived from the data
obtained in the 72 normal control subjects (Table 1) (23).
Statistical analysis. Data were expressed as mean values
plus or minus SD . Relations between Doppler diastolic
indexes and magnitude of hypertrophy were expressed in
terms of linear regression analysis
Results
Comparison of Doppler diastolic indexes in patients with
hypertrophic cardiomyopathy and normal control subjects
(Table 1). As a group, patients with hypertrophic cardiomy-
opathy differed significantly from the normal subjects with
regard to each of the Doppler indexes of diastolic filling . In
patients with hypertrophic cardiomyopathy, isovolumic re-
laxation was prolonged ; peak early diastolic flow velocity,
deceleration of flow velocity in early diastole and the ratio
between the early and late peaks of flow velocity were
reduced
; and peak late diastolic flow velocity (during atrial
systole) was increased .
A = peak late diastolic flow velocity (during atrial systole)
; A 2-D = duration of isovolumic relaxation
; E = peak
early diastolic flow velocity
; E/A = ratio of peak flow velocity in early diastole to peal: flow velocity in late diastole ;
EF slope = rate of decrease of flow velocity in early diastole
; NS = nonsignificant (r > 0 .05)
.
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Individual patient analysis showed that the patter a of
diastolic filling was abnormal in 52 (67%) of the 78 patients
with hypertrophic cardiomyopathy . Twenty-one of these 52
patients had one abnormal Doppler diastolic index, 15 pa-
tients had two, 7 patients had three and 10 patients had four
or five abnormal indexes . The most common diastolic ab-
normalities were prolonged isovolumic relaxation (33 pa-
tients), decreased peak early diastolic flow velocity (26
patients) and reduced deceleration of flow velocity in early
diastole (26 patients) .
Analysis of the relation between alterations in epastolic
filling and magnitude of hypertrophy (Tables 2 and 3) . In the
overall study group of 78 patients with hypertrophy, cardio-
myopathy, none of the five Doppler diastolic indexes
showed a correlation with maximal left ventricular wall
thickness or wall thickness index (correlation coefficients
ranged from r = -0 .15 to r = 0.10) .
Doppler diastolic indexes were also compared in two
patient subgroups that were at the extremes of the morpho-
logic spectrum of hypertrophic cardiomyopathy, that is, 24
patients with mild and localized hypertrophy (wall thickness
of 15 to 17 mm in only one segment) and 8 patients with
Table 2. Relation Between Doppler Diastolic Indexes and
Magnitude of Left Ventricular Hypertrophy in 78 Patients With
Hypertrophic Cardiomyopathy*
*None of the correlation coefficients achieved statistical significance (p <
0.05) ; tcalculated by adding measurements of wall thickness obtained in each
of the four segments into which the left ventricle was divided
. Abbreviations
as in Table 1 . r = correlation coefficients
.
Doppler
Diastolic
Indexes
Maximal Wall
Thickness (mm)
(r)
Wall Thickness
Index (mm)t
(r)
A2
-D (ms) -0.11 -0.09
EF slope (cm/s2
) -0
.15 -0 .11
E (cm/s) 0.02 0 .06
A (cm/s) 0.10 0 .09
E/A -0.11 -0 .11
Doppler
Diastolic
Indexes
Hypertrophic
Cardiomyopathy
(n = 78)
Normal
Control
Subjects
(n = 72) p Value
95% Normal
Confidence Limits
Upper
Lower
RR interval (ms)
1,013 ± 192
1,041 ± 140 NS
A2
-D (ms)
94 ± 25 76 ± 12
<0.001 96 56
EF slope (cm/s)
341 ± 142
512 ± 131 <0 .001
734 290
E (cm/s)
53 ± 18 65 ± 12
<0 .001 85 45
A (cmls)
38 ± 15
30 ± 7 <O .001 13 47
E/A
1 .6 ± 0.9 2 .3 ± 0.8
<0 .001 3 .7 0.9
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Table 3 . Comparison of Doppler Diastolic Indexes in 24
Patients With Hypertrophic Cardiom; ,opathy and Mild
Localized Hypertrophy and in 8 Patients With Marked and
Diffuse Hypertrophy*
"*None of the differences in values between the two groups achieved
statistical significance (p > 0 .051 : fwall thickness 15 to 17 mm in only one left
ventricular segment ; tmaximal wall thickness z -230 mm or wall thickness 225
ml in two or more left ventricular segments . Abbreviations a in Table 1 .
marked and diffuse hypertrophy (maxim"I wall thickness
z--30 mm or wall thickness L-25 mm in two or more left
ventricular segments). Wall thickening was localized to
either the septum (22 patients) or the free wall (2 patients) in
the group with mild hypertrophy, and it involved both the
Figure 1. Two-dimensional echocar-
diographic stop frames and Doppler
diastolic flow-velocity waveforms ob-
tained in two patients with nonobstruc-
tive hypertrophic cardiomyopathy and
greatly differing magnitude of left ven-
tricular (LV) hypertrophy . A, Paraster-
nal long-axis view shows marked hy-
pertrophy of the anterior ventricular
septum (VS) (28 mm), hypertrophy of
posterior septum and lateral free wall
were identified in cross-sectional
planes not shown here . A', In the same
patient, Doppler echocardiography
shows a normal diastolic flow-velocity
waveform, with a high early peak of
flow velocity (E), rapid deceleration of
flow velocity in early diastole (EF) and
a small peak of flow velocity during
atrial systole (A) . B, Parasternal long-
axis view shows mild hypertrophy of
the anterior ventricular septum (15
mm); the posterior septum and lateral
free wall, imaged in other cross-
sectional planes, were of normal thick-
ness. B', In the same patient, Doppler
echocardiography shows an abnormal
diastolic flow-velocity waveform with
reduced height of the early peak, de-
creased rate of deceleration of flow
velocity in early diastole and increased
height of the peak of flow velocity
during atrial systole . AML = anterior
mitral leaflet; Ao = aorta; R = R wave-,
S1 , S2
= first and second heart sounds .
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ventricular
septilm and the free wall in each of the patients
with marked hypertrophy . Moderate to severe symptoms
(class III or 1V) were equally common in the two groups and
were present in 6 (25%) of the 24 patients with mild hyper-
trophy and in 2 (25%) of the 8 patients with marked hyper-
trophy . Mean values for each of the Doppler diastolic
indexes were similar and not significantly different in pa-
tients with mild and localized hypertrophy and in those with
marked and diffuse hypertrophy (Fig . 1 ; Table 3) . In addi-
tion, individual patient analysis showed that the number of
patients with abnormal filling patterns was similar in the two
groups, One or more Doppler diastolic indexes were abnor-
mal in 17 (7190 of the 24 patients with mild and localized
hypertrophy and in 5 (63%) of the 8 patients with marked and
diffuse hypertrophy .
Left ventricular filling pressures and load may influence
left ventricular filling independently Qf the diastolic proper-
ti--s of the ventricle (24-26) . Therefore, we also assessed the
relation between Doppler indexes of diastolic filling and left
ventricular hypertrophy after excluding the 22 study patients
who had moderate to severe symptoms of cardiac failure
(usually associated with increased left ventricular filling
Doppler
Diastolic
Indexes
Mild Localized
hypearaphyt
(n = 24)
Marked Diffuse
tlypeamphyt
(n = 8)
RR interval (ms) 971 ± 163 960 t 197
A2-D (ms) 88 ± 25 88 t 29
EF slope (cm/s2) 363 ± 141 355 t 182
E (cat/s) 51 ± 15 57 ± 17
A (cm/s) 39 ± 18 42 ± 10
EIA 1 .7±1 .2 L3±0.6
8 1 2
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pressures) or subaortic obstruction (which is associated with
increased systolic pressure and mild or moderate mitral
regurgitation), or both . In the remaining 56 asymptomatic or
only mildly symptomatic patients without subaortic obstruc-
tion and mitral regurgitation, none of the Doppler diastolic
indexes showed a significant correlation with maximal left
ventricular wall thickness or the wall thickness index (cor-
relation coefficients ranged from 0 .003 to 0.23 ; p > 0.05) .
Discussion
Relation between wall thickness and filling Wmormalittes.
In hypertrophic cardiomyopathy, the greatly increased left
ventricular- wall thickness has been generally assumed to
play a major role in the alterations of left ventricular diastolic
filling (3,27-29). However, the potential relation between
magnitude of left ventricular hypertrophy and diastolic filling
abnormalities has not been systematically investigated in
this disease . To address this issue, we have obtained Dop-
pler echocardiographic indexes of left ventricular relaxation
and filling in a large group of patients representative of the
broad morphologic and clinical spectrum of hypertrophic
cardiomyopathy. Each of the Doppler diastolic indexes
measured in these patients differed significantly from those
obtained in a control group of normal subjects of similar age,
and one or more indexes were abnormal in almost 70% of the
patients . However, in the patients with hypertrophic cardio-
myopathy, diastolic filling abnormalities showed no consis-
tent relation to the magnitude of left ventricular hypertro-
phy. In the overall study group, regression analysis failed to
identify a correlation between Doppler indexes of diastolic
filling and extent of hypertrophy . Furthermore, individual
patient analysis showed that an abnormal pattern of left
ventricular filling was equally common in two patient sub-
groups that were at the extremes of the morphologic spec-
trum of hypertrophic cardiomyopathy, that is, patients with
relatively mild and localized hypertrophy and those with
particularly marked and diffuse hypertrophy .
Left ventricular filling is the result of the complex inter-
action of numerous variables that include not only the
primary diastolic properties of the ventricle (relaxation and
compliance), but also left ventricular preload and afterload
(24-26) . To minimize the potential influence of increased
load on our measurements of left ventricular filling, we also
analyzed the relation between magnitude of hypertrophy and
ventricular filling in a large subgroup of study patients who
were asymptomatic (and thus could be assumed to have
normal left atria] pressures at rest) and had no evidence of
subaortic obstruction or significant mitral regurgitation . In
this group of patients, in whom the indexes ol'left ventricular
filling most closely reflect the intrinsic diastolic properties of
the ventricle, we could not find a relation between the
pattern of diastolic filling and the extent of hypertrophy .
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Implications of our findings. Our finding that left ventric-
ular filling abnormalities are common in patients with hyper-
trophic cardiomyopathy who have only mild and localized
hypertrophy, as well as in those with marked and diffuse
hypertrophy, is a potentially important observation, because
it deviates from the generally accepted view that the greatly
increased wall thickness plays a major role in the diastolic
filling abnormalities in this disease (3,27-29) . These results
also confirm our previous findings that regional diastolic
abnormalities are present in mildly hypertrophied segments
of the left ventricle in patients with hypertrophic cardiomy-
opathy (15,30) . Therefore, our observations suggest that the
cardiomyopathic process responsible for the impaired dias-
tolic filling is not confined to the thickened regions of the left
ventricular wall, and that those portions of the wall that are
of normal thickness or only mildly thickened may also be
"myopathic" and may contribute importantly to the overall
impairment of left ventricular filling . This conclusion is also
supported by previous histologic observations . Characteris-
tic microscopic alterations of hypertrophic cardiomyopathy,
such as abnormal intramural coronary arteries (with mark-
edly thickened walls and narrowed lumen), cardiac muscle
cell disorganization, fibrosis and increased myocardial cell
size, have been identified in left ventricular segments of
normal thickness (31-33) .
In a previous study (15), which used digitized M-mode
echocardiography, we identified a relation at the regional
level between left ventricular wall thickness and rate of
diastolic wall thinning . However, the nonregionai analysis of
diastolic filling reported in the present study int.icates that
the magnitude of left ventricular hypertrophy is no, a major
determinant of the filling alterations in hypertrophic cardio-
myopathy and that other components of the myopathic
process must play a more important role in these functional
abnormalities. Our study design does not address the issue
of which other features of the disease process may be
responsible for these diastolic alterations . However, it is
known that left ventricular relaxation ul,d filling are impaired
in the presence of ischemia (34,35), and left ventricular
compliance is reduced by fibrosis (36). In hypertrophic
cardiomyopathy, myocardial ischemia occurs in the absence
of extramural coronary atherosclerosis (37-39), and fibrosis
is commonly found at necropsy (31-33) . Thus, it is reason-
able to speculate that these abnormalities are important
determinants of diastolic impairment in this disease .
Conclusions. Our study of a large group of patients with
hypertrophic cardiomyopathy demonstrates that diastolic
filling abnormalities are common both in patients with
marked and diffuse hypertrophy and in patients with more
mild and localized hypertrophy. These findings indicate that
impairment of diastolic filling in this disease is largely
independent of the extent and distribution of left ventricular
hypertrophy and that the myopathic process is not confined
to the thickened portions of the left ventricular wall .
)ACC Vol . 15, No . 3
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